INTRODUCTION
Understanding microscopic mechanisms of different approaches in confinement of massless Dirac fermions is a central problem in fields ranging from condensed matter to relativistic quantum mechanics. In graphene, the low-energy charge carriers behave as the massless Dirac fermions, providing an ideal platform to explore this subject experimentally (1-16). For example, the massless Dirac fermions in graphene monolayer can be temporarily trapped to form quasibound states by spatial-varying electrostatic potentials (6, 7, 11, 12) or completely localized into Landau levels (LLs) in large perpendicular magnetic fields (17) (18) (19) (20) (21) (22) . By combining two different methods, i.e., the electrostatic potentials and the magnetic fields, in the confinement of the massless Dirac fermions, it is interesting to note that the studied graphene system could exhibit exotic properties that are beyond those already imaged (2, 8, 9, 13, 16) . For example, the  Berry phase of quasiparticles in a graphene quantum dot can be switched on and off by the magnetic fields (2, 13) , which cannot be realized by purely using electrostatic potentials or magnetic fields (23) (24) (25) .
In this paper, we carried out measurements in an angled graphene wedge formed by two linear graphene p-n boundaries with an angle ~ 34°. Effects of magnetic fields on the properties of quasibound states confined between two parallel p-n boundaries of graphene was first studied theoretically (23) . It was predicted that magnetic fields will result half-period shift in the Fabry-Pé rot fringe pattern. Such a phenomenon can be treated as a hallmark of Klein physics in graphene and was demonstrated explicitly in experiment by transport measurements across two linear and parallel p-n junctions (2).
Here, we studied spatial confinement, magnetic localization, and their interactions on the massless Dirac fermions in the angled graphene wedge by using scanning tunneling microscopy and spectroscopy (STM and STS). Our experiment indicates that the spatial confinement affects the Landau quantization in the graphene wedge, and the magnetic fields also strongly influence the confinement induced quasibound states by sudden jump in binding energy at certain critical magnetic field BC, which originates from the  Berry phase shift of the closed trajectories. Interestingly, the critical magnetic fields for the  Berry phase jump depend on distance from summit of the wedge.
RESULTS
In our experiment, graphene was produced by low pressure chemical vapor deposition on a copper pocket (26) (see Method and Fig. S1 for details of growth (27) ) and about half coverage on outside surface of the Cu pocket was bilayer graphene (see Fig. S2 (27) ). Figure 1A shows a typical three-dimensional STM topographic image of the angled graphene wedge. Two clear steps are observed in the height profile line (Fig.   1B) . The smaller step (~110 pm) may be caused by an intercalation of CuxO layer according to a previous study (28) . The larger step (~320 pm), which is the left boundary of the wedge, is generated by an underlying graphene layer. The right boundary of the wedge is along a sharp step edge of the substrate. Zoom-in STM image of white dashed square in (27) ), and the six hexagonal points marked by yellow circles are generated by the moiré pattern (~1.09 nm) of two adjacent graphene layers with a twisted angle about 6.5°. Such a large rotational misalignment usually leads to the decoupling of the two graphene sheets (30) (31) (32) (33) . Figure 1D shows the schematic structure of the studied system. Though the topmost graphene sheet is continuous in the studied region, the local work function on and off the angled wedge is different. Field emission resonances (FER) were carried out to measure their differences. According to the energy shifts of the first FER peak, the differences of the local work function on and off the wedge are about 80 meV on left boundary and are about 60 meV on right boundary (see Fig. S4 for the details (27) ). The Dirac point ED in the angled wedge is determined as about -10 meV according to the zero LL of high-field STS spectra (see Fig. S5 (27) ). Therefore, the ED out the angled wedge should be at ~ 70 meV (in the left region) and ~ 50 meV (in the right region). Our experiment indicates that the graphene wedge is formed by two linear p-n junctions with an angle of about 34°, as schematically shown in Fig. 2A . Within the angled wedge, we can clearly observe interference patterns of the massless Dirac fermions due to the formation of the p-n-p junction (see a movie for STS maps taken from 0 to 400 mV (27) ). Figure 2B shows a representative STS map recorded at 167 mV, which exhibits interference pattern originating from Klein scattering at the p-n boundaries, i.e., there is perfect transmission for normal incidence and a finite reflection at non-normal incidence (34) . The average wavelength λ of the interference pattern at 167 meV is determined as about 24 nm. In our experiment, the λ decreases with the increasing energy E, as shown in Fig In the graphene wedge, the topmost graphene sheet electronically decouples from the supporting substrate and we can observe well-defined LLs in large perpendicular magnetic fields (Fig. S6 (27) ). Figures 3A-3D show differential conductance maps in different magnetic fields recorded along the black arrow in Fig. 2A . In Fig. 3F , we plotted the measured x as a function of √ , which agrees quite well with the theoretical result = √ .
The magnetic fields generate cyclotron bending of quasiparticles and affect the quasibound states induced by the spatial confinement in several aspects. Figure 4A , B and C show differential tunneling conductance maps versus magnetic fields measured at l = 25 nm, 27 nm, and 35 nm , respectively. The quasibound states are labeled by N1, N2, N3 and N4, the LLs are labeled by LL0 and LL1. One noticeable feature in Fig. 4A , B and C is that the energy of the quasibound states slightly shifted away from the original value with increasing the magnetic fields. Similar result has been observed previously in transport measurements across two parallel p-n junctions of graphene (2).
Such a behavior can be understood quite well with considering the geometric phase induced by magnetic fields on wave functions of the quasibound states (see Fig. S8 for further discussion (27) angle at each p-n boundary, as shown in Fig. 4D . Because of the Klein tunneling in graphene (i.e., the perfect transmission at normal incidence), the reflection amplitude exhibits a jump in phase by  as the sign of the incident angle changes (2, 23) . At zero magnetic field, the contributions of the two p-n boundaries to the interference cancel with each other because of that the incidence angles at the two interfaces have opposite signs. However, they become imbalanced and the signs of the incidence angles at the two interfaces can be made equal at a finite magnetic field, as shown in Fig. 4D . This effect also can be understood in terms of the Berry phase (2,13). The closed momentum space trajectories at B > BC enclose the Dirac point, which adds a Berry phase of  to them, whereas those at B < BC do not (Fig. 4E) . Such an effect affects the properties of the quasibound states and result in the sudden and large increase in energy of the quasibound states observed at B = BC. The value of BC, which depends sensitively on the profile of the p-n-p junction, can be estimated theoretically (23) . In our experiment, the width of the the confining potential profile at different l varies, therefore, we obtained different BC at different l, as shown in Fig. 4A-C . Figure 4F summarizes the measured BC at different l in our experiment. The theoretical BC, which is calculated according to Ref. (23) by taking into account the confining potential profile at different l, is also plotted, in agreement with experimental data. Even though the theoretical result is obtained in two parallel p-n boundaries of graphene, it was also demonstrated that the result is still valid in the presence of large-scale spatial fluctuations (23) . In our experiment, there is an angle ~34° between the two linear graphene p-n boundaries. For most of the case, the existence of the angle does not alter the relative sign of incidence angles, as shown in Fig. 4D . Therefore, the main features of our experimental result can be described well by the theory developed in Ref. (23) . Our experiment demonstrated that the angled wedge is a unique system with the critical magnetic fields for the  Berry phase jump depending on distance from summit of the wedge.
Moreover, our experiment also demonstrated that the Full Width at Half Maximum (FWHM)  of the quasibound states decreases with increasing the magnetic fields, indicating the increase of the lifetime of quasiparticles  ( = ℏ/), as shown in Fig. S9 (27) . The lifetime  of the quasiparticles increases twice at 12 T comparing to that at 0 T. Such a result indicates that the magnetic field can increase the efficiency of the resonator in trapping the massless Dirac fermions.
In conclusion, we studied spatial confinement, magnetic localization, and their interactions on massless Dirac fermions in the angled graphene wedge. The combination of the spatial and magnetic confinement provides us unprecedented opportunities to explore the effects of spatial confinement on magnetic localization and also the influences of magnetic fields on quasibound states induced by spatial confinement.
Note added: During the preparation of the manuscript, we became aware of the work of Christopher Gutierrez, et al (39) , which also studied interactions between magnetic fields and spatial confinement on massless Dirac fermions, but in a different system: graphene quantum dot.
METHODS
CVD preparation of graphene. The 25-μm Cu foil was purchased from Alfa Aesar.
At first, Cu foil was first electropolished at 1.5 V DC voltage for 60 min, using a mixture of phosphoric acid and ethylene glycol (volume ratio = 3:1) as the electrolyte. Then, we fold the Cu foil to form Cu pocket. Last, the pre-treated Cu foil was loaded into a 2-inch quartz tube of low-pressure chemical vapor deposition furnace for sample growth.
The Cu pocket was first heated from room temperature to 1,035 ℃ in 30 min and kept for another 30 min, with 100 sccm (standard cubic centimeter per minute) H2 carrier gas. In the second step, the furnace temperature was set to 1035 ℃ and then the CH4 gas (5 sccm) was introduced into the furnace as carbon source to grow graphene for 10 min. After all growth, the sample was cooled down to room temperature slowly (~20 ℃/min). 
